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INTRODUCTION 
Since 2003 all new houses in Australia are required to comply with energy efficiency rules of the 
National Construction Code (NCC), with the result that new dwellings now use as little as 25% of the 
heating and cooling energy of a similarly sized pre 1990 house.1  While more than 1.2 million 
dwellings have been built since the introduction of energy efficiency rules, there remain some 7.8 
million older dwellings with poor to very poor energy efficiency; it is estimated that less than 1% of 
all pre 2003 dwellings would comply with the current NCC rules regarding energy efficiency.2  With 
no incentives or legal requirements for energy retrofitting, there is increasing use of air-conditioning to 
provide thermal comfort, which drives electricity use and greenhouse gas emissions (CO2e) up when 
they need to be reduced.3  
The amount of heating and cooling energy used in buildings will change along with the climate, 4 at a 
pace that depends on both current climate and the extent to which global CO2e emissions  are reduced. 
Other researchers have examined impacts of climate change on energy use in new houses in various 
parts of Australia5 but there is little existing research on impact of climate change on energy use in 
Brisbane’s buildings.  Additionally, the energy retrofitting of pre 2003 detached housing, which 
accounts for nearly 60% of Australian dwellings,6 is comparatively well understood7 but the energy 
performance of Australian multi-residential buildings is a relatively unexplored field, even though 
more Australians live in apartments than any dwelling type other than detached houses.8   
This paper presents ongoing research into energy retrofitting of older multi-residential buildings in 
Brisbane.  It builds on previous work establishing the energy use, thermal comfort and viable retrofit 
strategies for an existing apartment tower in Brisbane.  In this paper, the energy performance of the 
same case study building and retrofit packages are tested in the climates predicted for Brisbane under 
three different global greenhouse gas emission scenarios. 
 
MID-LIFE CRISIS FOR APARTMENT BUILDINGS IN BRISBANE 
Before 1950 there were few purpose built multi-residential apartments in Brisbane, but numbers 
expanded rapidly from 8,275 in 1961 to more than 65,000 in 1981.9  The multi-residential apartments 
constructed in this period are almost entirely masonry structures: external walls are cavity brickwork 
while internal walls are double or single leaf brickwork and floors are suspended concrete slabs.  
Internally the brickwork is usually plastered and the underside of the concrete slab floor above is 
typically exposed as the ceiling of the unit below.  Roofs are predominantly low profiled metal 
sheeting over timber framing with little or no insulation. 
These buildings are now between 35 and 55 years old, and are showing their age.  Cavity brickwork 
skins and concrete framed structures are very durable but other components are not ageing as well.  
Roof sheeting, windows, elevators and other important building elements are reaching the ends of their 
service lives, and many buildings have complex plumbing and electrical problems arising from years 
of patchwork repairs to long out of date pipework, wiring and switchboards.   
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Substantial retrofitting will be required to bring these buildings up to current codes and to keep them 
safe and comfortable, especially as the climate warms and places additional stress on the building 
envelope and services.  Substantial retrofits may extend the life of these buildings by 25-40 years, so it 
would be wise to understand how these buildings and any potential retrofits will respond to the 
predicted changes in the climate over this period. 
 
ENERGY RETROFITTING IN THE PRESENT CLIMATE 
This paper builds on the results of a previous paper,10 which examined heating and cooling energy use 
in a mid-rise apartment building in Brisbane, consisting of five storeys of apartments over two levels 
of car parking.  The floor plan of each storey is identical, with three apartments separated by a lift 
shaft, fire stair and shared lobby.  The apartments are generously sized at 100m2 for the two bed 
apartments on the South and North East, and 140m2 for the three bed apartment on the North West. 
The heating and cooling load of the existing building was established by energy modeling with 
FirstRate V5.0, one of the three software packages approved for use under the NCC.  Four different 
retrofit packages aimed at the maximum improvement in energy efficiency were examined.  Each 
retrofit scheme consisted of a glazing option paired with an insulation option along with a base set of 
upgrades, including external shading, weatherproofing, ceiling fans and improved partitions between 
living and service areas. 
 
 
 
Figure 1 – Typical Plan of Study Building11 
 
 
 
Figures 2, 3 & 4 – Views of Case Study Building from Macquarie and Munro Streets – Photos by 
Author 
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Table 1 - Energy Retrofit Scheme Descriptions 
Item: Details: 
Common features to 
all retrofit schemes: 
Extensive shading to windows, ceiling fans to bedrooms, doors to separate 
living areas from service zones, sealed vents to exhaust fans, weatherproofing 
to windows and doors. 
AG glazing Low E Single glazing in aluminium frame: 
U value = 4.6 W/m2K, SHGC =0.36 
BP glazing: Double glazed fibreglass frames with low E glass and argon cavity  
U value =2.0 W/m2K SHGC = 0.18 
IN insulation: R 4.0 to level 5 ceiling, R 1.0 glass fibre insulation to cavity of brickwork 
walls. R2.0 to level 1 floor. 
EX insulation: R 4.0 batts to level 5 ceiling R 4.0 EPS to external walls and clad in fibre 
cement panels. R2.0 batts to level 1 floor. 
 
The two glazing options are an affordable glazing system of high performance glass in aluminium 
frames (AG) and the best possible glazing available in FirstRate (BP) while the insulations options are 
in-cavity bulk insulation (IN) and external expanded polystyrene insulation behind a new lightweight 
cladding (EX).  The retrofit schemes are referred to as AG+IN, AG+EX, BP+IN and BP+EX and are 
fully detailed above in Table 1. 
The results of the energy modeling for the base building and each retrofit option are shown below in 
Figure 4.  The modeling confirms that the heating and cooling demand of this case study building can 
be significantly decreased, with reductions of 73% achieved by the BP+EX scheme.  The graph also 
shows that cooling loads dominate, and overall energy use is likely to increase as the climate warms. 
 
 
Figure 4 - Averaged Heating, Cooling and Total Energy Intensity by Retrofit Scheme 
 
PRESENT CLIMATE AND PREDICTED CHANGES 
FirstRate divides Australia up into 69 climate regions based on weather observations over the past 40 
years;12 although each region covers a significant area, dwellings in each climate region are unlikely to 
require significant differences in design to reach a similar energy efficiency.13  Climate zone 10, 
containing Brisbane, the Gold Coast and the Sunshine Coast, is warm and subtropical with average 
temperature ranges from 20.6 – 29.4 qC in Summer to 9.5 – 20.4 qC in Winter.  
A large body of research has confirmed that the climate is changing, with the global average 
temperature predicted to rise between 0.3 and 4.8 degrees above 2005 levels depending on future CO2e 
emissions.14 The Intergovernmental Panel on Climate Change has identified three key emission 
scenarios, which it refers to as Representative Concentration Pathways (RCPs)15.  RCP 2.6 represents 
very strong emission reductions starting in 2020 to reach a CO2e concentration of 420 parts per million 
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(PPM) by 2100.  RCP 4.5 is based on slower emission reductions that stabilize CO2e levels at 540 
PPM in 2100, while RCP 8.5 assumes an increase in emissions leading to a CO2e concentration of 940 
PPM in 2100.16   In comparison, the current level of CO2e is 405.25 PPM17, while the Paris Agreement 
goal is to keep CO2e levels below 450 PPM18.   
Using these RCPs, the Commonwealth Science and Industrial Research Organisation has produced a 
‘Climate Analogues’ tool that predicts the future climate of an area and matches it to the current 
climate of another area in Australia.19  Table 2 shows the potential changes to the climate, the climate 
analogues and the corresponding FirstRate climate zone for Brisbane through to the year 2100 under 
the three main RCPs. The tool shows that in the 2020-2040 period, the climate of Brisbane will come 
to resemble that of present day Tannum Sands and Bundaberg, between 300 and 400 km to the North, 
regardless of the RCP.  This represents the amount of climate change already ‘locked in’ by present 
CO2e emissions.20 In the 2040-2060 period climate futures diverge and, unless we take action to 
reduce emissions, Brisbane’s climate is likely to resemble that of Yeppoon & Rockhampton – more 
than 600 km to the North.  Potential climates diverge further beyond 2060 but, as the energy retrofits 
under consideration only have a 25-40 year lifespan, this expanded range of climate is not considered 
here. 
Even though these scenarios indicate similar outcomes for Brisbane’s climate, particularly in the near 
term, they differ vastly in other ways.  Rainfall will become more erratic and extreme under RCP 4.5 
and RCP 8.5 leading to increasing likelihood and intensity of droughts and flooding.  Tropical 
cyclones, which only rarely reach Brisbane at present, are likely to become more common as well as 
of a much higher intensity.  
 
Table 2 - Analogous Climates for Brisbane 
Emission 
Scenario: 
Period 
2020-2040: 2040-2060 2060-2100 
RCP 2.6 
 
+1 degree, -1% rainfall 
Tannum Sands, Bundaberg 
NCC Climate zone 36  
+1 degree, -5% rainfall 
Tannum Sands, Bundaberg 
NCC Climate zone 36 
+0.9 degree, -4% rainfall 
Tannum Sands, Bundaberg 
NCC Climate zone 36 
RCP 4.5 
Maximum 
Consensus 
+1 degree, -1% rainfall 
Tannum Sands, Bundaberg 
NCC Climate zone 36 
+1.0 degree 
Tannum Sands, Bundaberg 
NCC Climate zone 36 
+2.2 degree, -3% rainfall 
Yeppoon 
NCC Climate zone 7 
RCP 8.5 
Maximum 
Consensus 
+1 degree, -4% rainfall 
Tannum Sands, Bundaberg 
NCC Climate zone 36 
+1.9 degree, -5% rainfall 
Yeppoon 
NCC Climate zone 7 
+4.2 degree, -23% rainfall 
Woorabinda, Home Hill 
NCC Climate zone 19 
 
Due to the similarities of the climate analogues for Brisbane, the climate scenarios that resemble 
Tannum Sands and Bundaberg have been labeled as Future Climate 1 and those resembling Yeppoon 
as Future Climate 2.  These future climates relate to NCC climate region 36 and climate region 7 
respectively.  By using these climate regions in the FirstRate model we can simulate the heating and 
cooling energy use of the case study building.  This approach may result in potential errors and 
inaccuracies, as the shift to a more northern climate region alters sun angles and altitudes as well as 
levels of global solar radiation experienced by the building.  However, we believe that the results will 
be valid as climate zone 10 is nearly 700 km from North to South and the extent of changes to sun 
angles and global solar radiation are as wide across this distance as they are from Brisbane to Tannum 
Sands (395 km) or Yeppoon (656 km). Additionally, global irradiance depends as much on cloud 
cover as it does on latitude and season21 and the reduced rainfall forecast under all RCPs will bring an 
increase in irradiance to Brisbane.22  
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RESULTS AND DISCUSSION 
The energy intensity of each retrofit scheme in future climates 1 and 2 is shown below in Figure 5, and 
clearly indicates a substantial increase in energy use in both scenarios: average energy intensity 
increases 41.6% in Future Climate 1 and 80.2% in Future Climate 2.  These results are comparable to 
those produced by Wang et al in their testing of detached dwellings in cooling dominant climates 
under similar climate change scenarios,23 reinforcing the integrity of the methodology for this work as 
well as the validity of CSIRO’s climate analogue tool.  In spite of this, the retrofit schemes reduce 
overall energy intensity in both future climates.  Even the least effective AG+IN scheme in Future 
Climate 2 manages an energy reduction of 22% on the existing building in the present climate while 
the most effective BP+EX scheme achieves a 43% reduction.  
 
 
Figure 5 – Total energy intensity by retrofit scheme and future climate conditions 
 
Table 3 provides a complete comparison of energy use in the unmodified building to energy use in the 
retrofitted building in each climate.  Although there is an increase in energy use in both future climates 
across all retrofit schemes, each retrofit scheme preserves its effectiveness as the climate changes - the 
best performing BP+EX option maintains energy intensity reductions of 66-72% from the unmodified 
building as the climate warms.  As these buildings are cooling energy dominant, architects and 
designers in Brisbane can be confident that well designed energy retrofits will continue to be effective 
as the climate changes.  Other building types and climates may face the situation in which currently 
effective energy retrofits to address heating energy load or balanced heating and cooling loads become 
much less effective as the climate warms. 
 
Table 3 - Reduction in energy use by retrofit scheme 
Retrofit 
Scheme 
Retrofit Scheme 
Climate Condition 
Existing Building Comparison Climate 
Current Climate Future Climate 1 Future Climate 2 
 Current Climate 58% - - 
AG+IN Future Climate 1 43% 60% - 
 Future Climate 2 23% - 55% 
 Current Climate 62% - - 
AG+EX Future Climate 1 42% 59% - 
 Future Climate 2 23% - 54% 
 Current Climate 69% - - 
BP+IN Future Climate 1 58% 70% - 
 Future Climate 2 43% - 66% 
 Current Climate 72% - - 
BP+EX Future Climate 1 57% 70% - 
 Future Climate 2 43% - 66% 
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Previous research identified that the BP+EX retrofit option resulted in 84,557 MJ (23,488 kWh) less 
energy used per year of operation than to the unmodified building, equating to a saving of A$5,750 in 
electricity costs and 19.03 tonnes less CO2e released into the atmosphere.24  As the energy intensity of 
the building increases in future climates 1 and 2, and the effectiveness of the retrofits remains more or 
less constant, the energy retrofits actually make a larger overall reduction in energy use and CO2e 
emissions.  Under Future Climate 1 a total of 147,605 MJ (41,001 kWh) less energy is used by the 
BP+EX option, equating to reduction of 33.21 tonnes of CO2e and a saving of A$10,090 (at today’s 
prices and CO2e per kWh rates), while in Future Climate 2, a total of 167,049 MJ (46,402 kWh) less 
energy is used by the BP+EX option, equating a saving of A$11,429 and 50.62 tonnes of CO2e.  The 
combination of smaller CO2e emissions and larger savings on electricity will provide a growing 
incentive for energy retrofitting of this building cohort as the climate changes. 
 
CONCLUSION 
Climate change driven increases in energy use by the built environment are a significant issue that will 
need to be addressed if Australia is to reduce its greenhouse gas emissions.  Building owners in 
Brisbane and similar subtropical cities in Australia currently have little incentive to upgrade their 
buildings, given low heating and cooling costs due to a benign climate and cheap electricity.  As the 
local climate changes, a significant increase in energy use for thermal comfort can be expected, 
leading to a greater incentive to undertake energy retrofitting. 
Simulations using FirstRate show that energy retrofitting of older multi-residential buildings can 
provide a significant reduction in heating and cooling energy as the climate warms, even compared to 
the unmodified building in the present climate. Although the warming climate will make these 
buildings more energy intensive to occupy, energy retrofitting will become increasingly viable part of 
efforts to limit the impact of climate change as it provides increasing reductions in the emission of 
CO2e as the impact of climate changes increases.   
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